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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the rise of battery internal pressure due 
to the sudden rise of battery temperature at the time of a short circuit or 
overcharge, or the leakage of an electrolyte due to the rise of the battery internal 



pressure, by constituting the separator of a specific microporous film, in this 
secondary battery equipped with positive and negative electrodes, the separator 
arranged between these electrodes, and a nonaqueous electrolyte. 
SOLUTION: A separator 1 is constituted of a polyolefine fine porous film which is 
a microporous film wherein heat absorbing quantity to a unit area at 70-1 50°C is 
0.07cal/cm2 or more, a thickness of 15-30um, preferably PE alone, or a 
composite film where a PE microporous coat and a PP microporous film and a 
PP microporous coat are made multilayer. In this secondary battery, it is 
preferable to use an Li containing transition metal oxide to a positive electrode 2, 
carbon capable of storing and emitting Li to a positive electrode 3, one or more 
selected from ethylene, propylene, dimethyl, diethyl, and ethyl- 
methyl-carbonate, etc., to the solvent of a nonaqueous electrolyte, and lithium 
phosphate hexafluoride to the solvent of the nonaqueous electrolyte. 
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CLAIMS 



[Claim(s)] 

[Claim 1] For said separator, thickness is a nonaqueous electrolyte rechargeable 
battery using the separator with which the amount of endoergic per unit area is 



two or more 0.07 cal/cm, and it consists [ in / have the separator and 
nonaqueous electrolyte which are allotted between forward, a negative electrode, 
and these, and / a 70-150-degree C temperature requirement ] of 15-micrometer 
or more a polyolefin micropore membrane it is [ polyolefin micropore membrane ] 
30 micrometers or less. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 
whose separator which consists of a polyolefin micropore membrane is the 
bipolar membrane which multilayered polyethylene independent a micropore 
membrane or a polyethylene micropore membrane, and a polypropylene 
micropore membrane. 

[Claim 3] The nonaqueous electrolyte rechargeable battery according to claim 1 
which used lithium content transition-metals oxide for the positive electrode, and 
used for the negative electrode occlusion and the carbon which can be emitted 
for the lithium. 

[Claim 4] The nonaqueous electrolyte rechargeable battery according to claim 3 
by which a lithium content transition-metals multiple oxide is expressed with a 
chemical formula LixMy02 (transition metals more than a kind chosen from the 
group which the inside M of a formula becomes from Co, nickel, Fe, and Mn; 
0.5<=x<=1.0, 1.0<=y<=2.0). 

[Claim 5] The nonaqueous electrolyte rechargeable battery according to claim 3 



whose spacing d (002) according [ carbon ] to an X diffraction is less than 3.38A 
and whose specific surface area by the BET adsorption method is under 
8.0m2/g more than 2.0m2/g. 

[Claim 6] The nonaqueous electrolyte rechargeable battery according to claim 1 
or 3 which is more than a kind as which the solvent of nonaqueous electrolyte is 
chosen from the group which it becomes from ethylene carbonate, propylene 
carbonate, dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate, 
methyl propionate, and ethyl propionate. 

[Claim 7] The nonaqueous electrolyte rechargeable battery according to claim 1 
or 3 with which the solute of nonaqueous electrolyte mainly consists of a 6 
phosphorus-fluoride acid lithium. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the thing especially about the separator 

of a nonaqueous electrolyte rechargeable battery. 

[0002] 



[Description of the Prior Art] In recent years, the formation of small lightweight of 
electronic equipment, such as a personal computer and a cellular phone, and 
cordless-ization are progressing quickly, and development of the rechargeable 
battery which has a high energy consistency is demanded as these power 
sources for a drive. The lithium secondary battery with which the carbon material 
which can be intercalated and a lithium can deintercalate as an active material is 
used for the lithium content transition-metals oxide in which a 4V class electrical 
potential difference is shown [ as opposed to / as an active material / the lithium 
of LiCo02, LiNi02, and LiMn204 grade ], and a negative electrode is expected 
[ as opposed to / as a cell which meets such a demand / the positive electrode ] 
as a cell which especially has a high voltage and a high energy consistency. 
[0003] The separator used for a lithium secondary battery needs to be the 
porous membrane which is poorly soluble, and the electrolytic solution fully 
permeates and a lithium ion can move promptly to organic solvents used for the 
electrolytic solution, such as the ether and ester. In order to attain high energy 
consistency-ization of a cell on the other hand, it is necessary to stuff as many 
cell active materials in a case as possible, and the thinning of a separator is 
required. However, migration of a lithium ion does not start promptly, but since 
the lithium of arborescence may be generated, a separator may be penetrated 
and an internal short circuit may be caused on a negative-electrode front face, it 



is necessary to thicken thickness of a separator or to make the path of the hole 
of a separator to some extent small at the time of very-low-temperature charge 
of a cell. For this reason, as a separator for lithium secondary batteries, it is 
20-50 micrometers in thickness, and the bipolar membrane of polyethylene resin 
of 40 - 70% of void contents, polypropylene resin or polyethylene resin, and 
polypropylene resin etc. has been used. 
[0004] 

[Problem(s) to be Solved by the Invention] Since a lithium secondary battery is 
very high energy, in the cases, such as a short circuit and overcharge, the 
reaction of an electrode active material and the electrolytic solution occurs, and 
the temperature in a cell rises very much with the heat of reaction. In connection 
with this temperature rise, the generation of gas by volatilization of the organic 
solvent in the electrolytic solution and the reaction of a cell active material and 
the electrolytic solution is promoted, and cell internal pressure rises. 
Consequently, when cell internal pressure became beyond the predetermined 
value, the relief valve of an obturation plate operated and the electrolytic solution 
was also leaked in connection with the gas evolution. 

[0005] This invention solves such a technical problem, prevents that cell 
temperature rises rapidly at the time of a short circuit or overcharge etc., and 
raises the safety of a cell. 



[0006] 

[Means for Solving the Problem] In order to solve this technical problem, in a 
70-150-degree C temperature requirement, the amount of endoergic per unit 
area by the heat of fusion is 0.07 cal/cm2 at least, and this invention uses a 
polyolefin micropore membrane with a thickness of 15-30 micrometers for a 
separator. 

[0007] By this, in case the cell temperature at the time of overcharge and a short 
circuit etc. rises, forward and generation of heat by the reaction of the heat of a 
negative electrode, the active material of a plate, and the electrolytic solution 
Endoergic can be efficiently carried out with a separator, rapid generating of the 
gas by volatilization of the solvent in the electrolytic solution accompanying the 
rise of cell temperature and the reaction of an active material and the electrolytic 
solution can be suppressed, and the liquid spill from the cell of the electrolytic 
solution by the rapid rise of cell internal pressure can be prevented. 
[0008] 

[Embodiment of the Invention] The bipolar membrane which multilayered 
polyethylene film independence or the polyethylene film, and the polypropylene 
film preferably is used for this invention using the separator with which endoergic 
[ two or more 0.07 cal/cm ] is shown in a separator in a 70-150-degree C 
temperature field, and thickness consists of a 15-micrometer or more polyolefine 



system micropore film which is 30 micrometers or less. By carrying out such a 
configuration, forward [ which caused the cell temperature rise ], and generation 
of heat of a negative electrode can be absorbed effectively, and the rise of cell 
internal pressure can be controlled. Therefore, the relief valve of an obturation 
plate does not operate but it becomes possible to prevent a liquid spill of the 
electrolytic solution. 

[0009] Moreover, the lithium content transition-metals oxide expressed with 
LixMy02 (the metal more than a kind chosen from the group which the inside M 
of a formula becomes from Co, nickel, and Mn; 0.5<=x<=1.0; 1.0<=y<=2.0) by 
the positive electrode, The occlusion of a lithium and emission are possible to a 
negative electrode, and the spacing d by the X diffraction (002) is less than 
3.38A. The specific surface area by the BET approach uses the carbon of under 
8.0m2/g more than 2.0m2/g. Furthermore, to the solvent of the electrolytic 
solution, ethylene carbonate, propylene carbonate, It is more desirable when 6 
phosphorus-fluoride acid lithium is used for a solute more than a kind chosen 
from the group which consists of dimethyl carbonate, diethyl carbonate, ethyl 
methyl carbonate, methyl propionate, and ethyl propionate. 
[0010] 

[Example] Hereafter, the example of this invention is explained, referring to a 
drawing. 



[0011] (Example 1) The configuration sectional view of the nonaqueous 
electrolyte rechargeable battery used for drawing 1 by this example is shown. As 
shown in drawing 1 , it is isolated with the separator 1 , and these are wound in 
the shape of a multiple-times swirl, and the positive-electrode plate 2 and the 
negative-electrode plate 3 are contained in the nickel-plating iron cell case 4. 
And from the positive-electrode plate 2, the positive-electrode lead 5 made from 
aluminum is pulled out, and it connects with the obturation plate 6, and from the 
negative-electrode plate 3, the negative-electrode lead 7 made from nickel is 
pulled out, and it connects with the pars basilaris ossis occipitalis of the cell case 
4. 8 is prepared in the raised bottom section of a group of electrode with the 
insulating ring made from polyethylene, respectively. The forward one, a 
negative-electrode plate, etc. are explained in detail below. 
[0012] In the LiCoO2100 weight section which the positive-electrode plate mixed 
LJ2C03 and Co304, and calcinated for 10 hours and was compounded at 900 
degrees C Mix the acetylene black 3 weight section as electric conduction 
material, and the fluororesin system binder 7 weight section is mixed as a binder, 
it suspends in the carboxymethyl-cellulose water-solution 100 weight section 1% 
to LiCo02 - making -- a positive electrode -- a mixture -- after considering as the 
paste and carrying out coating of this paste to both sides of aluminum foil with a 
thickness of 30 micrometers, desiccation and rolling with a rolling roller were 



performed, and it cut in the predetermined dimension, and considered as the 
positive-electrode plate. 

[0013] After the negative-electrode plate mixed styrene / butadiene rubber 5 
weight section as a binder to this using what was ground and classified so that a 
mesophase microsphere might be graphitized at 2800 degrees C and mean 
particle diameter might be set to about 3 micrometers (d(002) = 3.360A, BET 
specific surface area=4.0m2/g), the carboxymethyl-cellulose water-solution 100 
weight section was made to suspend it 1% to a graphite, and it was considered 
as the negative-electrode paste. This paste was carried out to copper foil with a 
thickness of 20 micrometers, and coating of the negative-electrode paste was 
carried out to both sides, and it rolled out after desiccation using the rolling roller, 
it cut in the predetermined dimension, and considered as the negative-electrode 
plate. 

[0014] And the lead made from nickel was attached in the product made from 
aluminum, and the negative-electrode plate at the positive-electrode plate, 
respectively, and the separator with which the heat of fusion consists of a 
polyethylene micropore membrane whose thickness is 25 micrometers by 0.03 
cal/cm2 in a 70-150-degree C temperature field was spirally held in the 
cylindrical cell case with winding, a diameter [ of 17mm ], and a height of 50mm 
as a result of the measurement using DSC (differential thermal analyzer). It 



obturated, after pouring this in the electrolytic solution using what dissolved 1.5 
mols [/I. ] LiPF6 in the solvent which mixed ethylene carbonate and ethyl methyl 
carbonate by the volume ratio of 1:3. This was made into the cell A of this 
invention. 

[0015] (Example 2) As a result of the measurement using DSC, except that the 
heat of fusion used the separator of 0.04 cal/cm2 in the 70-150-degree C 
temperature field, the same cell as (an example 1) was created. This was made 
into the cell B of this invention. 

[0016] (Example 3) As a result of the measurement using DSC, except that the 
heat of fusion used the separator of 0.05 cal/cm2 in the 70-150-degree C 
temperature field, the same cell as (an example 1) was created. This was made 
into the cell C of this invention. 

[0017] (Example 4) As a result of the measurement using DSC, except that the 
heat of fusion used the separator of 0.06 cal/cm2 in the 70-150-degree C 
temperature field, the same cell as (an example 1) was created. This was made 
into the cell D of this invention. 

[0018] (Example 5) As a result of the measurement using DSC, except that the 
heat of fusion used the separator of 0.07 cal/cm2 in the 70-150-degree C 
temperature field, the same cell as (an example 1) was created. This was made 
into the cell E of this invention. 



[0019] (Example 6) Using DSC, except that the heat of fusion used the separator 
of 0.08 cal/cm2 in the 70-150-degree C temperature field as a result of ******, the 
same cell as (an example 1) was created. This was made into the cell F of this 
invention. 

[0020] (Example 7) As a result of the measurement using DSC, except that the 
heat of fusion used the separator of 0.09 cal/cm2 in the 70-150-degree C 
temperature field, the same cell as (an example 1) was created. This was made 
into the cell G of this invention. 

[0021] Next, five every eels each of cells A, B, C, D, E, F, and G of this invention 
were prepared, the upper limit electrical potential difference was set as 4.2V with 
the environmental temperature of 20 degrees C, and charge was performed by 
630mA constant current for 2 hours. 

[0022] Discharge performed 720mA of discharge currents, and constant-current 
discharge of discharge termination potential 3.0V for the cell of this charge 
condition. The above charge-and-discharge cycle was heated in the state of the 
full charge after 20 cycle **********. The temperature up of the heat test was 
carried out from the room temperature to 150 degrees C at 5 degrees C/m, and it 
was performed on condition that maintenance for 10 minutes at 150 degrees C. 
The temperature and the rate of a liquid spill inside a cell are shown in (Table 1). 
[0023] 



[Table 1] 



[0024] From (Table 1), when the large separator of the heat of fusion was used, 
the temperature rise of a cell was controlled and it was effective in preventing a 
liquid spill of the electrolytic solution. This is because generation of heat by the 
reaction of a cell active material and the electrolytic solution is effectively 
absorbed with the heat of fusion of a separator and the generation of gas 
accompanying the above-mentioned reaction is controlled by that. 
[0025] When the separator with the same heat of fusion is used per unit area, 
the total heat of absorption of a separator becomes large, good effectiveness is 
acquired as a separator becomes thick, but when too thick, un-arranging [ of a 
group of electrode not going into a cell case ] arises. As a result of experimenting 
this time, the thickness of a separator had desirable 30 micrometers or less. 
Therefore, in order to secure the energy density of a cell to some extent, the 



thickness of a separator has good 30 micrometers or less. 
[0026] Moreover, when the thickness of a separator was 10 micrometers or less, 
since the heat with which the amount of the separator contained in a cell is 
absorbed by the separator very few was small, the amount of generation of gas 
increased. Furthermore, since danger, such as an internal short circuit, arises 
when a separator is thin, when safety is taken into consideration, the thickness 
of 15 micrometers or more is desirable. 

[0027] In addition, although this example of an experiment showed the case 
where a polyethylene micropore membrane was independently used for a 
separator, the same effectiveness was acquired even if it multilayered the 
polyethylene micropore membrane and the polypropylene micropore membrane. 
[0028] (Example 8) a positive electrode -- LiOH-H2 -- O and nickel (0H)2 are 
mixed, it mixes as electric conduction material in the LiNiO2100 weight section 
calcinated under the 10-hour dry air ambient atmosphere at 750 degrees C, the 
polyvinylidene fluoride 4 weight section is mixed in the N-methyl pyrrolidone 100 
weight section as the acetylene black 3 weight section and a binder, and it 
suspends -- making - a positive electrode -- a mixture - it considered as the 
paste, this positive electrode - a mixture - a paste -- aluminum foil with a 
thickness of 30 micrometers - a positive electrode - a mixture -- coating of the 
paste was carried out to both sides, and it rolled out after desiccation using the 



rolling roller. This was made into the positive-electrode plate of a predetermined 
dimension. 

[0029] The negative electrode used what was ground and classified so that a 
mesophase microsphere might be graphitized at 3000 degrees C and mean 
particle diameter might be set to about 3 micrometers (d(002) = 3.355A, BET 
specific surface area=4.0m2/g). It asked for d (002) according to the X diffraction 
here. Furthermore, as a binder, after mixing styrene / 3 % of the weight of 
butadiene rubber, the carboxymethyl-cellulose water-solution 100 weight section 
was made to suspend 1% to a graphite, and it was made the shape of a paste. 
Coating of this negative-electrode paste was carried out to both sides of copper 
foil with a thickness of 15 micrometers, after desiccation, rolling was performed 
and the negative-electrode plate was produced. 

[0030] And the lead made from nickel was attached in the product made from 
aluminum, and the negative-electrode plate at the positive-electrode plate, 
respectively, and the heat of fusion supplied the separator made from 
polyethylene whose thickness is 25 micrometers spirally to the cylindrical cell 
case with winding, a diameter [ of 17mm ], and a height of 50mm by 0.07 
cal/cm2 in the 70-150-degree C temperature field as a result of the 
measurement using DSC. It obturated, after pouring this in the electrolytic 
solution using what dissolved 1.5 mols [/I. ] LiPF6 in the solvent which mixed 



ethylene carbonate and ethyl methyl carbonate by the volume ratio of 1 :3. This 
was made into the cell H of this invention. 

[0031] (Example 9) The same cell as (an example 8) was created except having 
used what was ground and classified so that a mesophase microsphere might 
be graphitized at 2800 degrees C to a negative electrode and mean particle 
diameter might be set to about 3 micrometers (d(002) = 3.360A, BET specific 
surface area=4.0m2/g). This was made into the cell I of this invention. 
[0032] (Example 10) The same cell as (an example 8) was created except 
having used what was ground and classified so that a mesophase microsphere 
might be graphitized at 2500 degrees C to a negative electrode and mean 
particle diameter might be set to about 3 micrometers (d(002) = 3.370A, BET 
specific surface area=4.0m2/g). This was made into the cell J of this invention. 
[0033] (Example 11) The same cell as (an example 8) was created except 
having used what was ground and classified so that a mesophase microsphere 
might be graphitized at 2300 degrees C to a negative electrode and mean 
particle diameter might be set to about 3 micrometers (d(002) = 3.380A, BET 
specific surface area=4.0m2/g). This was made into the cell K of this invention. 
[0034] (Example 12) The same cell as (an example 8) was created except 
having used what was ground and classified so that a mesophase microsphere 
might be graphitized at 2100 degrees C to a negative electrode and mean 



particle diameter might be set to about 3 micrometers (d(002) = 3.390A, BET 

specific surface area=4.0m2/g). This was made into the cell L of this invention. 

[0035] Following d (002) was the same and it examined using a different 

negative electrode by changing a BET specific surface area. 

[0036] (Example 13) The same cell as (an example 8) was created except 

having used for the negative electrode the scale-like graphite (d(002) = 3.360A, 

BET specific surface area=0.5m2/g) whose mean particle diameter is about 50 

micrometers. This was made into the cell M of this invention. 

[0037] (Example 14) The same cell as (an example 8) was created except 

having used for the negative electrode the scale-like graphite (d(002) = 3.360A, 

BET specific surface area=2.0m2/g) whose mean particle diameter is about 30 

micrometers. This was made into the cell N of this invention. 

[0038] (Example 15) The same cell as (an example 8) was created except 

having used for the negative electrode the scale-like graphite (d(002) = 3.360A, 

BET specific surface area=6.0m2/g) whose mean particle diameter is about 20 

micrometers. This was made into the cell O of this invention. 

[0039] (Example 16) The same cell as (an example 8) was created except 

having used for the negative electrode the scale-like graphite (d(002) = 3.360A, 

BET specific surface area=8.0m2/g) whose mean particle diameter is about 10 

micrometers. This was made into the cell P of this invention. 



[0040] (Example 17) The same cell as (an example 8) was created except 
having used for the negative electrode the scale-like graphite (d(002) = 3.360A, 
BET specific surface area=10.0m2/g) whose mean particle diameter is about 5 
micrometers. This was made into the cell Q of this invention. 
[0041] Next, five every eels each of cells H, I, J, K, L, M, N, O, P, and Q of this 
invention were prepared, the upper limit electrical potential difference was set as 
4.2V with the environmental temperature of 20 degrees C, and charge was 
performed by 630mA constant current for 2 hours. Discharge performed 720mA 
of discharge currents, and constant-current discharge of discharge termination 
potential 3.0V for the cell of this charge condition. And discharge capacity of 20 
cycle eye was made into initial capacity, respectively. After repeating the above 
charge-and-discharge cycle, it heated in the state of charge 100%. The 
temperature up of the heat test was carried out from the room temperature to 
150 degrees C at 5 degrees C/m, and it was performed on condition that 
maintenance for 1 0 minutes at 1 50 degrees C. The temperature and the rate of a 
liquid spill inside a cell are shown in (Table 2). 
[0042] 
[Table 2] 



[0043] From (Table 2), there was no spacing between graphite layers in respect 
of the rate of a liquid spill, and there was no difference in the range of L from Cell 
H. However, in terms of the initial capacity of a cell, if d (002) becomes 3.38A or 
more, initial capacity will fall remarkably. This is for the amount of lithiums which 
can be intercalated if the distance between layers of a graphite becomes large 
too much to decrease. Moreover, although whenever [ cell internal temperature ] 
is going up so that d (002) is small, this is because reactivity with the electrolytic 
solution becomes high and calorific value becomes large so that a degree of 
graphitization is high. Therefore, 3.350A or more less than 3.380A of d (002) is 
desirable. 



[0044] From the cell [ further / (Table 2) ] M, from Q, reaction area with the 
electrolytic solution increases, so that a BET specific surface area becomes 
large, calorific value becomes large, and whenever [ cell internal temperature ] 
goes up. Here, if a BET specific surface area becomes more than 8m2/g, the 
rise of whenever [ cell internal temperature ] will be large, the generation of gas 
accompanying a reaction with the electrolytic solution will also increase, and a 
liquid spill will begin to take place. Therefore, a BET specific surface area must 
be under 8m2/g. Then, if a BET specific surface area is under 8m2/g, it will be 
thought that it is good from the point of the rate of a liquid spill. However, like the 
above, in terms of the initial capacity of a cell, when a BET specific surface area 
is 0.5m2/g, initial capacity is falling remarkably. The fall of the rate property 
according [ this ] to reduction of reaction area is the cause. Therefore, a BET 
specific surface area should not necessarily be just small, and if it is ****** above 
2.0m2/g, there is. [ no] 

[0045] As mentioned above, without reducing the initial capacity of a cell, when it 
is carbon whose spacing d by the X diffraction (002) is 3.35A or more less than 
3.38A and whose specific surface area by the BET adsorption method is under 
8.0m2/g more than 2.0m2/g, there is little generation of gas by the reaction of a 
cell active material and the electrolytic solution also at the time of the 
temperature rise of a cell, and it can control the rise of cell internal pressure at it. 



Therefore, the relief valve of an obturation plate cannot operate but a liquid spill 
of the electrolytic solution can be prevented. 

[0046] In addition, although this example of an experiment showed the case 
where the MEZOFESU microsphere which is nodular graphite was used to 
negative-electrode carbon, effectiveness with the same said of a massive 
graphite in the range of this invention was acquired. 

[0047] (Example 18) a positive electrode -- Li2 - C03 and Mn02 are mixed, in 
the LiMn2O4100 weight section calcinated under the 30-hour dry air ambient 
atmosphere at 800 degrees C, the acetylene black 3 weight section is mixed as 
electric conduction material, the fluororesin system binder 7 weight section is 
mixed as a binder, and it suspends in the carboxymethyl-cellulose water-solution 
100 weight section 1% to LiMn 204 - making - a positive electrode -- a mixture 
-- it considered as the paste, this positive electrode -- a mixture -- a paste -- 
aluminum foil with a thickness of 30 micrometers - a positive electrode - a 
mixture -- coating of the paste was carried out to both sides, and it rolled out 
after desiccation using the rolling roller. This was made into the 
positive-electrode plate of a predetermined dimension. 

[0048] The negative electrode used what was ground and classified so that a 
mesophase microsphere might be graphitized at 2800 degrees C and mean 
particle diameter might be set to about 3 micrometers (d(002) = 3.360A, BET 



specific surface area=4.0m2/g). Furthermore, as a binder, after mixing styrene / 
butadiene rubber 5 weight section, the carboxymethyl-cellulose water-solution 
100 weight section was made to suspend 1% to a graphite, and it was made the 
shape of a paste. Coating of the negative-electrode paste was carried out to 
copper foil with a thickness of 20 micrometers to both sides, and it rolled out 
after desiccation using the rolling roller. This was made into the 
negative-electrode plate of a predetermined dimension. 

[0049] And the lead made from nickel was attached in the product made from 
aluminum, and the negative-electrode plate at the positive-electrode plate, 
respectively, and the heat of fusion supplied the separator made from 
polyethylene whose thickness is 25 micrometers spirally to the cylindrical cell 
case with winding, a diameter [ of 17mm ], and a height of 50mm by 0.07 
cal/cm2 in the 70-150-degree C temperature field as a result of the 
measurement using DSC. It obturated, after pouring this in the electrolytic 
solution using what dissolved 1.5 mols [/I. ] LiPF6 in the solvent which mixed 
ethylene carbonate and ethyl methyl carbonate by the volume ratio of 1:3. This 
was made into the cell R of this invention. 

[0050] (Example 19) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate and diethyl carbonate 
by the volume ratio of 1:3. This was made into the cell S of this invention. 



[0051] (Example 20) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate and dimethyl chill 
carbonate by the volume ratio of 1:3. This was made into the cell T of this 
invention. 

[0052] (Example 21) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate, ethyl methyl carbonate, 
and propylene carbonate by the volume ratio of 1:2:1. This was made into the 
cell U of this invention. 

[0053] (Example 22) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate, diethyl carbonate, and 
methyl propionate by the volume ratio of 1:2:1. This was made into the cell V of 
this invention. 

[0054] (Example 23) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate, diethyl carbonate, and 
ethyl propionate by the volume ratio of 1:2:1. This was made into the cell W of 
this invention. 

[0055] (Example 24) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate and 1 and 
2-dimethoxyethane by the volume ratio of 1:3. This was made into the cell X of 
this invention. 



[0056] (Example 25) The same cell as (an example 18) was created except 
having used the solvent which mixed ethylene carbonate and a tetrahydrofuran 
by the volume ratio of 1:3. This was made into the cell Y of this invention. 
[0057] Next, five every eels each of cells R, S, T, U, V, W, X, and Y of this 
invention were prepared, the upper limit electrical potential difference was set as 
4.2V with the environmental temperature of 20 degrees C, and charge was 
performed by 630mA constant current for 2 hours. Discharge performed 720mA 
of discharge currents, and constant-current discharge of discharge termination 
potential 3.0V for the cell of this charge condition. The above 
charge-and-discharge cycle was heated in the state of charge 100% after 20 
cycle ********** -r n e temperature up of the heat test was carried out from the 
room temperature to 150 degrees C at 5 degrees C/m, and it was performed on 
condition that maintenance for 10 minutes at 150 degrees C. The temperature 
and the rate of a liquid spill inside a cell are shown in (Table 3). 
[0058] 
[Table 3] 



EC:DEC:EP=1:2:1 



[0059] Although ethylene carbonate is excellent in thermal stability as a solvent 
of the electrolytic solution, since viscosity is high, if the melting point makes 
content greatly as high as 34 degrees C, the conductivity of a lithium ion will fall. 
For this reason, in this experiment, at 25%, content of ethylene carbonate was 
fixed and was performed. 

[0060] When cyclic ether, such as a tetrahydrofuran, was used as a solvent of 
the electrolytic solution, compared with the case where annular [, such as 
ethylene carbonate and ethyl methyl carbonate ] and chain-like carbonate are 
used, the rise of whenever [ cell internal temperature ] was larger than (Table 3). 
This is for generation of heat by the reaction of a cell active material and the 
solvent of the electrolytic solution to be large compared with annular and 
chain-like carbonate, and for the generation of gas to become easy to happen by 



the temperature rise, when cyclic ether is used as a solvent of the electrolytic 
solution. Moreover, when the chain-like ether, such as 1 and 2-dimethoxyethane, 
was used as a solvent of the electrolytic solution, the rise of whenever [ cell 
internal temperature ] was controlled compared with cyclic ether. However, since 
there were many amounts of generation of gas by the reaction of a cell active 
material and the solvent of the electrolytic solution compared with the case 
where annular and chain-like carbonate are used also at such temperature, cell 
internal pressure rose, and the liquid spill of the electrolytic solution took place. 
Furthermore, oxidation potential is low compared with an ester system, for this 
reason, the decomposition reaction of the electrolytic solution occurs at the time 
of charge, and annular and the chain-like ether have a small cell capacity. Since 
it is such, it is unsuitable to use annular and the chain-like ether for the solvent of 
the electrolytic solution in order to reduce the cell engine performance. 
[0061] As mentioned above, it is desirable that it is more than a kind chosen from 
the group which consists of ethylene carbonate, propylene carbonate, dimethyl 
carbonate, diethyl carbonate, ethyl methyl carbonate, methyl propionate, and 
ethyl propionate as a solvent of the electrolytic solution. 

[0062] Moreover, in this example, although LiCo02, LiNi02, and LiMn 204 were 
used for the positive electrode, Fe could be used, and when it was LixMy02 
which are 0.5<=x<=1.0 and 1.0<=y<=2.0 in the transition metals more than a 



kind chosen from the group which M becomes from Co, nickel, Fe, and Mn, the 

same effectiveness was acquired. 

[0063] 

[Effect of the Invention] As mentioned above, by this invention, since the amount 
of endoergic per unit area by the heat of fusion uses the polyolefin micropore 
membrane with a thickness of 15-30 micrometers for the separator by 0.07 
cal/cm2 at least in the 70-150-degree C temperature requirement, generation of 
heat at the time of a cell temperature rise can be efficiently absorbed with a 
separator, and the liquid spill resulting from a rapid rise and this rapid of cell 
internal pressure can be prevented. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the nonaqueous electrolyte rechargeable 
battery in the example of this invention 
[Description of Notations] 

1 Separator 

2 Positive-Electrode Plate 



3 Negative-Electrode Plate 

4 Cell Case 

5 Positive-Electrode Lead 

6 Obturation Plate 

7 Negative-Electrode Lead 

8 Insulating Ring 



